the published portion will be chiefly by lantern slides and microscopical preparations, which will, I think, demonstrate the points I wish to emphasize more fully than a description by words only.
At the soirees which were held to commemorate the opening of this new building, Mr. Deane Butcher gave a very interesting demonstration of Professor Leduc's methods of producing osmotic growths in colloidal solutions [5] . Wishing to study these phenomena under the microscope, I experimented with various substances. I was most successful with crystals of sulphate of copper in a solution of silicate of sodium. When particles of copper sulphate are dropped into a weak solution of the silicate (about 5 per cent.) on a microscope slide, an immediate production of small tubes takes place from the finer particles, and from -the larger masses of crystals a membrane is protruded, forming a small globular eminence. A succession of these is formed by a series of small explosive impulses, and the membranes then grow out steadily into a tube which is seen to pass rapidly across the field of the microscope, often attaining the length of an inch or more, and terminating in rounded and closed extremities. This is an osmotic growth of the same nature as those described by Professor Leduc, and produced by him in various -substances with many different salts. The growth of these tubes is due to the rapid passing of water through the membranous wall from the surrounding solution by osmosis, the distension by the water -pushing the tube forward, the resistance of the membrane at the same time preventing the lateral bulging of the tube.
These particular points, however, have not such an important bearing on the present investigation as the following: As the tube nears the end of its growth, in some places lines are seen to be drawn across it, dividing the whole tube with a distinct septum. These are Traube's membranes of precipitation, but it is difficult to explain what determines the production of these membranes in this position as they are usually only seen in a few tubes in one preparation.
Several eminent physical chemists to whom I have submitted this problem are unable to explain it. It can hardly be due to fractures, as has been suggested, for the course of the tube is not altered as one would expect to see if this were the cause. After some time, varying from half an hour to an hour, small blue spherical bodies appear within the tube upon the copper sulphate side of the membrane, the tube on the other side remaining quite clear. These little bodies soon lose their smooth outline and have a radiating appearance, as if formed of little bundles of acicular crystals united at the centre, and many of them break up into small shining particles. In some slides which had not been allowed to dry, but had been kept under observation for some days, I found these small crystals piled up on the membrane on the copper sulphate side, and on the other, or distal side, several large colourless spherical bodies lying beneath the membrane. These bodies show under high magnification both radial and concentric lines, and react to polarized light exactly in the same manner as do the similar calcospherites produced in gum or albumen.
Dr. Lovatt-Evans, who kindly repeated the copper sulphate experiment for me, points out that the little bodies above the membrane, which are first rounded and afterwards acicular, may consist either of a silicate of copper or of a double salt of lime and copper, as their spherical form on their first formation would suggest. The calcospherites beneath the membrane are probably composed of silicate of lime. The lime salts are probably derived from the tap-water in which the silicate is dissolved. The interesting point is that true calcospherites are formed by dialysis through membranes which are formed in inorganic solutions by purely physical processes.'
It is unnecessary to remind you that Graham, as the result of his experiments on the diffusion of liquids through membranes, divided substances into crystalloids and colloids, crystalloids having the power when in solution of passing easily through membranes; colloids, on the other hand, passing through with difficulty or not at all. The particles of a colloid solution are held together by a very feeble force; they consist of very fine particles in a state of suspension, rather than solution, in the solvent. The exact line of demarcation, however, between crystalloids and colloids is not always very pronounced, and according to Krause there is a steady transition from the crystalloids to the colloids.
As Loeb [6] are essentially colloidal in character, which may be either in the liquid state ('sols') or in the solid state, when they are known as 'gels.' " The proteids, certain carbohydrates, like starch and glycogen, and higher fats belong to the colloids, while their products of cleavage, as dextrose, may belong to the crystalloids.
" Life depends upon the existence of these colloidal solutions in the cells. All organic agencies which bring about a general gelation, bring life to a standstill, and such standstill is permanent in case irreversible ' gels' are formed, such as originate if proteins are heated. The liquid proteins of our body coagulate at a comparatively low temperature, and this is the reason that at a temperature of about 450 C. the cells of our body die very rapidly.
"There are, however, conditions in which the transformation of 'sols ' into 'gels' does not lead to death, but the formation of important morphological structures-Traube's [13] membranes of precipitationfor investigation showed that when two liquid colloids come into contact (or a colloid and a crystalloid) solid membranes may be formed."
Traube " investigated the formation of the membranous plant cells, and was led to the conclusion that the formation of these membranes and the peculiarity of the cell to grow depends upon a simple physical process.
" Certain colloids form a precipitate where they come in contact with each other, and this precipttate is impermeable for either colloid. The precipitate must therefore assume the shape of a thin film, which prevents the further action of the two colloids on each other." This film Traube called " the membrane of precipitation." The cell membrane (or rather the surface film of protoplasm) makes a diminutive chemical factory of the contents of this cell by shutting it off from its surroundings, and enables each cell to lead a specifically different life from the neighbouring cells. " Traube thus became the originator of the modern theory of the growth of cells, which assumes that the growth is caused by the cell absorbing water in consequence of its osmotic pressure being higher than that of the surrounding solution."
It has been gqnerally considered that these membranes of precipitation are permeable to water only, and not to salts, while others say they do not allow sugars or salts to pass through at all, or not equally well; but at all events, in organic tissues, permeability to salts is evidenced by the absorption of salts by the cells of plants, as has been proved by many experiments.
Dr. Lovatt-Evans suggests that in the experiments with the copper sulphate we are dealing with a membrane which is only to a limited extent semi-permeable (by semi-permeability is meant that the membrane is permeable to water only), and I think this is evident from the appearance of these' calcospherites.
Loeb is of opinion that "cell walls are not impermeable to salts, and that there is only a difference in the rate of diffusion of the various substances, many salts diffusing only very slowly into the protoplasm." We thus see that under purely physical conditions we have a dialysis of salts of lime through these inorganic membranes, and this observation points to the suggestion that the same thing may occur from physical causes in the calcification of the various hard tissues of man and animals. and combining with other constituents of the hard substance of the dentine within the organic matrix. The existence of the sheath of Neumann has been denied by many observers, and most recently by Professor Romer [11] , who states that in his silver nitrate preparations, when the stained fibril had fallen out of the dentine, only a hole was left in the matrix with unstained margins. I think, however, his preparations could not have been fully stained, as in those I made with the Ramon y Cajal silver method the empty tubes are surrounded with a very distinct black line, and at the margins of the section segments of the tubes are seen which show the membrane very distinctly. The sheath can also be demonstrated by other stains, such as toluidine blue.
How far these membranes are the result of purely physical agencies, and to what degree they are affected by physiological and vital conditions, we are unable to conclude, but it is seen that very firm membranes do arise in the absence of all organic substances. There is, however, a tendency when any theory is brought into fresh prominence to endeavour to interpret phenomena exclusively on this view, but this is an error we should especially seek to avoid. In such a complex structure as the animal body many agencies are at work-chemical, physical, and vital-and they have all to be taken into consideration in drawing any conclusions as to the processes which take place in the living organism. As Professor Philip [8] In the year 1858, Rainey published his work on molecular coalescence [10] , showing that lime salts were deposited in colloidal substances not in a crystalline, but in a globular form, the globules having a very definite structure and arrangement. He also showed that in many animal organisms, as mollusca and crustacea, similar forms appeared during the process of calcification of the shell. The first experiments were made with a solution of carbonate of potash in gum (which contains salts of lime). The bodies so produced were globular in form, showing concentric lamination and radial stria. Professor Harting, of Utrecht [4] , independently carried out a similar research and succeeded in producing a great variety of these spherical bodies in various substances, his most instructive experiment being one in which small fragments of calcium chloride and of sodium bicarbonate were placed on the opposite sides of a flat dish containing egg albumen. The dish was left perfectly still and undisturbed for two or three weeks -the salts diffusing through the albumen from the opposite sides formed a crust upon its surface. This crust was found to consist of a deposit of carbonate of lime in the globular form, showing a great variety of spheres and disks of varying size, and very similar to those produced in gum in Rainey's experiments. He found that they retained their form after they had been subjected to the action. of an acid, some portion of the lime having become so intimately blended with the albumen that it remained in combination with it. To this substance, left after decalcification, he gave the name of " calcoglobulin," distinguishing the calcified globular bodies by the name of "calcospherites."
If a microscopic slide be prepared with gum or albumen containing carbonate of potash or soda and examined under the microscope, minute granules appear after a short time, which increase in size by coalescence until small globular bodies are formed-the process of molecular coalescence described by Rainey. Both Rainey and Harting found that when calcium phosphate was present in the solutions in excess of the carbonate, globular bodies were not formed, but the deposit was crystalline, but if there was only a small proportion of phosphate to carbonate, larger and more perfect spheres were produced than with carbonate alone. This observation has a very important bearing on the subject of the present paper, as in completed dentine and enamel the phosphates are largely in excess.
In repeating Professor Harting's experiment with albumen I placed on one side of the dish, equidistant from the calcium chloride and the sodium carbonate, a few fragments of sodium phosphate (Na2 HPO4 + 12 H20). Examination after the lapse of three weeks showed that in the neighbourhood of the sodium phosphate the crust formed on the surface of the albumen was entirely crystalline. Nearer to the calcium chloride, however, globular bodies had appeared, but they were not perfect in form, and some globules had acicular crystals projecting from them in many places. Further away from the phosphate very large and perfect calcospherites were found. In dealing with calcification in dentine and enamel in a former paper I referred to this and to the probable explanation of the fact that calcospherites are deposited in both these tissues, although analyses of calcified material show a very large preponderance of phosphate.
In the works of Harting and Rainey a full and minute description is given of the various forms in which the calcific material is deposited, and it would be superfluous to describe them here, but the illustrations in the book of drawings on the table show a great variety of forms obtained in my own experiments. Two main forms of calcospherites may conveniently be distinguished-those in which radial striae are most evident and those specially marked by concentric lamelle or rings, although there are many which show both structures. In many parts of the calcareous crust in the albumen experiments the globules are seen to have coalesced, they are often arranged in rows around a central extension filled with minute spherites, and in,other places where in contact they have become fused into larger bodies, hour-glass-shaped, and double spherites being very frequent. In some parts there is an accumulation of the globules into a mass like a collection of cells, where they are seen to have assumed an hexagonal form from mutual apposition. Several have a rosette form bearing a strong resemblance to the corolla of a composite flower. These seem to be chiefly the larger ones, which are showing a tendency to disintegrate, the central part breaking down into the smaller elements. This is especially well seen in the similar bodies found in the carapace of the prawn, referred to later. In many of the larger radial spherites, beside the delicate -radial stripe, wider spaces are seen extending from the centre to the circumference, of an irregular shape, and evidently indicating a splitting or dividing of the spherite into sections. This is frequently seen in the disintegrating globules in enamel, presently referred to. CALCOSPHERITES IN THE LIVING ORGANISM. These were examined in the shell of the crab (Cancer pagurus), in the Norwegian lobster (Nephrops norvegicus), and in the prawn (Palawmon serratus). In the prawn, as pointed out by Rainey, the deposit can be very easily studied, and in many of my preparations of portions of the carapace mounted in Farrant's solution the calcospherites are shown in all stages of coalescence and disintegration. In the prawn, where the deposit takes place in a membrane which lines the under surface of the shell, spherites of very large size and perfect form are to be seen, showing the same shapes and internal structure as in those formed artificially, but larger and more perfect. Rosette and elongated forms are seen, which on comparison with the artificial ones are seen to be of the same type; in hiany places they are breaking down, some show radial splitting, others are breaking up into smaller elements, and in the large masses of coalesced calcospherites this disintegration at the centre of the accumulated bodies is very noticeable. The slide shows a ground section of the margin of the shell of the crab, in which the scattered spherites in the membranous layer are well shown and also the manner in which they coalesce and become incorporated in the forming shell. In the part figured there are no tubes, although true tubes are found in many parts, but in this situation (the shell near the base of the claw) radiating and horizontal lines are very evident, formed by the structural elements of the accumulated calcospherites. A photograph taken by dark-ground illumination shows very clearly that the transverse lamination is due to the consolidated calcospherites, the lines being seen in the separate bodies as well as in the formed shell.
Rainey, in endeavouring to push the analogy between the formation of the crab-shell and human dentine, went so far as to deny the existence of the dentinal tubes as such, and compared them with the longitudinal striae in the crab-shell continuous with those in the separated spherites. While in the crab the small vertical wavy lines certainly appear to be due to the radial markings in the globular bodies, there are no radial markings in the spherites found in dentine, and therefore no vertical markings due to these bodies. The true tubes in the crab-shell are more scattered than these little vertical lines, which, as Rainey says, near the forming edge appear as mere lines of dots, as they do also in the isolated spherites. When this author made his investigations, the true nature of the dentinal tubules and their contents was not generally known, and in consequence the part of his work which deals with the analogies of structure in teeth and bone is of little value. The cell theory in his day was also in its infancy, and in his work, while he shows the very large part which physical processes play in the living body, he scarcely sufficiently acknowledges the influence of the vital conditions with which these processes are associated. In the small Norwegian lobster which I examined for this purpose, a ground section of the claw shows the same fibrillar basis substance in which the calcospherites lie, but in this creature they were, in this situation, chiefly of one form, resembling the flower of a pansy, and it can be seen that the separate portions of these bodies are scattered in the forming shell, like separated petals of the perfect flower. More towards the centre, away from the calcifying margin, it can be seen that the shell is finally built up by the disintegrated particles of the original spherites.
I think it is evident in all these examples that the shell is ultimately formed by the disintegration of the calcospherites, which may take place either previous to their incorporation with its substance or after that incorporation has taken place. The view held by Bowerbank [2] and Carpenter [3] with regard to the formation of shell in the mollusca was that " shell is an organic formation growing by interstitial deposit in the same manner as in the teeth and bones of the higher animals." This view, which accorded with the opinion held at the time, that enamel and dentine were formed by actual deposit in the formative cells, supposed that the same thing occurred in the mollusca, and that in " pinna " and in other shells the membrane left after decalcification represented the organic cells in which the deposit of the lime salts had taken place.
The view now generally held with regard to shell formation is that it is due to a process of secretion. This is more in accordance with modern views as to calcification in the teeth, which is considered to be produced by deposit in a material separated and secreted by the cells, and not by direct conversion of the cell into the calcified substance by interstitial deposit. The organic remainder after decalcification of a shell of pinna would not then indicate that these hexagonal outlines represented cells, but were due to the remnains of the fibrillar material present in all shells, in which the deposit takes place-the remains of the basis substance between the crystalline calcareous plates by which the prisms of this shell are built up. In the brachiopod terebratula, the fibrillar substance is very clearly to be seen in the mantle, and also in the remains of the decalcified shell there is no evidence of any,deposit in cells but in a very strongly marked irregular network of clear homogeneous material.
Dr. Carpenter in his work on the microscope, published subsequently to his original paper, is disposed to agree with Professor Huxley " in the belief that the entire thickness of the shell is formed as an excretion from the surface of the epidermis," and that the periostracum is "converted into the likeness of a cellular membrane by the pressure of the prisms that are formed by crystallization at regular distances in the midst of it."
In the shell of terebratula and allied species of brachiopoda some very interesting points are to be observed which appear to have a strong bearing upon calcification, and would seem to serve as an illustration of the process occurring in the dentine. The brachiopoda were at one time classed with the mollusca, but are now separated into a distinct group. As is well known, the shells of the Terebratulidae are penetrated by numerous tubes which enter the shell at the mantle surface and terminate beneath the periostracum in expanded ends. These tubes traverse the layers of the shell, which are of a prismatic structure, at right angles or nearly so. They are filled with a soft substance containing an abundance of cell-like bodies and granules. These cellular contents of the tubes can be traced back to the mantle, where they have a definite confining membrane and are seen to take their origin from large bulb-like bodies lying in the fibrillar mantle substance and arranged in rows. In ground sections of the calcified shell from specimens of T. vitrwa which had been placed in spirit in the living condition, the cellular elements in the tubes are very conspicuous and take the stain easily; unstained granules can also be seen. The bulblike bodies, which lie in a very clearly defined fibrillar matrix, have a peculiar structure. The somewhat flattened and expanded or trumpet-shaped end extends beyond the cell contents, and appears to be closed by a very delicate membrane, the part between the cell D -17 contents and the terminal membrane being filled more or less with refractile granules, which are also seen between the cells. The resemblance to dentine in transverse sections of the shell is very marked, the cells in cross-section occupying the place of the dentinal fibrils and lying within a circular tube. In longitudinal section the tubes show alternate dilatations and contractions in the different layers of the shell. In the layer of the shell where the tubes attain the greatest dimensions they measure 16 ,u in diameter, the bulbs averaging 20 ,u in width. In the partially decalcified shell these bulb-like bodies can be seen attached to the inner margin of the shell and hanging out from the tubes by their processes. In tranverse section many of the tubes are seen to have short radial branches, which appear straight and needle-like. These were first described in terebratula by Professor Quekett. Transverse sections of the calcified shell also seemed to show a definite lining to the tube walls. In order to determine this point I treated a portion of shell by the Cajal silver nitrate process, and a very definite dark line was seen around the inner margin of the empty tube. The shell was then decalcified, the lime salts being removed until only the organic fibrillar matrix was left, but the stained inner margin of the tube was not affected by the acid, and remained as a stained black ring in the organic nmatrix. It is thus evident that in terebratula as in dentine there is a definite lining to the tube distinct from the rest of the calcified shell, and showing the same resistance to the action of acids exhibited by Neumann's sheath in the dentine. The shell of another brachiopod, crania, is also penetrated by canals, but they break up into a number of branching tubules beneath the outer surface of the shell, and the branches, like the tubes are filled with a protoplasmic material "which has its origin in the epithelial cells which lie in the tubules." I have not been able to examine this condition, as I was unable to obtain any specimens of crania. The existence of these highly developed fibrils in terebratula and crania has been looked upon as a very puzzling problem. A. Shipley [12] , who has made a special study of the Brachiopoda, says: "By some they have been regarded as respiratory organs, but it would seem more reasonable to suppose they serve as organs to supply nourishment, &c., to the organic matrix of the shell." Professor Owen [7] suggested that these caecal processes with their continuations into the tubes of the shell might perform an excretory function, and, as he says, " Many of these granules are seen closely applied to the membrane which closes the flattened end of the bulb, and would suggest that the salts are dialysed from the body fluids in the mantle in which the bulbs lie to the interior of the bulb, and thus to the tubes of the shell.
The permeation of the shell in terebratula and crania by tubes containing protoplasmic material, the existence of a sheath similar, apparently, to that in the dentinal tubes, the presence of granules and the peculiar formation of the bulbs themselves, are certainly highly suggestive of some calcifying function, but beyond this one cannot go, as it is, of course, impossible to make any definite statements on the question, which must remain a somewhat problematical one.' ' The specimens of Brachiopoda were kindly procured for me from the Naples Aquarium by Dr. Guerini. With regard to dentine, it is well known that it is built up of rounded bodies or calcospherites, as is evidenced by the contour at the margin of the odontogenetic zone in growing teeth, and also by the rounded bodies visible in the interglobular spaces. These appear to be clear and structureless, both in growing teeth and in these imperfectly calcified areas, and evidently indicate that the whole of the This mode of formation of the enamel is, I cannot but think, the true explanation of the process, and his photographs and preparations are very convincing. My own work on enamel, I think, fully confirms his views, as I was able to show the actual calcified and calcifying bodies within the interprismatic substance-large calcospherites being evident in this effused material from the cells, and these calcospherites exhibiting all stages of coalescence and disintegration. This was best demonstrated in marsupial enamel, where a very large amount of the basis substance is laid down before the enamel is at all fully consolidated. In the photograph on the screen, these large spherites are clearly seen and the small granules into which they break up, and with them are seen the blo6ks which build up the enamel prisms. This photograph, I think, shows the whole process very clearly in one field of the microscope. It would appear that in the effused material between the prisms as in artificial experiments, small granules appear, that these coalesce and form the larger bodies, which in turn again disintegrate and form the solid material which binds the prisms together.
In order to try to detect the actual manner in which the prisms were bound together by the interprismatic material, I scraped a dried developing tooth of the kangaroo taken from the crypt over a drop of glycerine on a glass slide-a small rough enamel cap only being formned.
On touching these pieces with needles under the microscope, they broke up into laminae, all in one direction, and, by repeated teasing with needles, into very fine and transparent layers, which could, be examined with the high powers of a microscope. These layers lay over one another exactly like the leaves of a book, and were crossed by a very fine fibrous striation. The lines of forming enamel rods are clearly seen, and lying between the laminae are rounded bodies which a higher magnification shows to be true radial calcospherites. Some of these were splitting up along the lines of the radii, and many were separated into four portions. Lying along the edges of the forming prisms were numerous rounded bodies of various diameters, and small granules are seen distributed over the surface. I think, therefore, that these preparations indicate that the enamel is formed in laminae which lie vertically to the upper surface of the enamel, that the calcification takes place by the deposition of small granules as in artificial experiments, that these coalesce and form the large radial calcospherites, which, as calcification advances, are again disintegrated and form a very minutely granular or often quite clear substance which cements the columns of the prisms together. In human enamel, which is more rapidly calcified and is a denser material than marsupial enamel, these large bodies can also be seen, but I had to search a great many preparations before I was able to see it. The photograph shows calcospherites in the laminae of developing human enamel examined in the same way as the marsupial material. One very curious observation was that the forms of the calcospherites in human and marsupial enamel were different. In the marsupial enamel the spherites were true spheres, in human enamel the greater number are oval, as is shown in the mass of calcospherites lying just beneath the enamel organ on the surface of the developing molar of a child aged 6 months. Mr. Douglas Caush many years ago showed that stains entered the enamel and sonmetimes obtained a diffuse staining in places. In grinding down sections of young teeth treated by the fuchsin method, I have often found deeply stained laminve that had to be ground away to obtain a clear section of the enamel. These are, I believe, the laminae stained by Mr. Caush, and which I have described in the teased specimens of marsupial enamiiel. In the adult tooth they eventually become involved in, and concealed by, the dense calcification.
In a recent paper Professor Walkhoff [14] maintains that while the enamel of unerupted teeth remains for a long time under the influence of the enamel cells, after eruption it is a dead tissue which cannot obtain lime salts either from the dentine or from the saliva. There seem, however, to be many appearances in enamel which do not support this contention. The enamel of the young kangaroo shows the rows of globular deposits of lime salts in the prisms in the erupted tooth. Pickerill, speaking of penetration from without, showed that the portion of enamel in young teeth which is first formed is not permeable to stains, but the last-formed portions are permeable, and specimens which I prepared by the Weil process after inmpregnation with silver nitrate show this fact very clearly. A penetration of the enamel by the dentinal tubes is also easily demonstrated, and by the method of injection of alcoholic fuchsin from the pulp cavity, as described by Dr. von Beust, it is seen that not only the club-shaped bodies in which some of the tubes terminate are stained within the enamel, but also fine terminations of the tubes passing a considerable distance into its substance. Professor
Walkhoff also considers that the cement substance described by von Ebner and by other authors as the interprismatic substance does not exist, and is in reality the outer or cortical layer of the prisms, or, as he prefers to call them, the "Zentralkorper." The cement substance, however, is very evident in the teeth of marsupials, both in longitudinal and transverse sections, and I think we may look upon marsupial enamel as giving us the key to the formation of other mammalian enamels.
In marsupial enamel, as I have shown above, calcification takes place in the laminae between the prisms, and I think it is very evident that these large calcospherites are produced quite independently of the prisms upon which they lie the prisms are cajcified in rows of minute spherical bodies, which appear to be formed within the Tomes's processes of the ameloblast, and are the first part of the enamel to receive the calcific deposit, while the interprismatic substance is formed subsequently in the organic fibrillar matrix, which, is seen throughout the enamel in the kangarQo. The calcification in marsupial enamel does not, howevel, proceed to complete obliteration of the cement substance, much of which remains uncalcified, as the alcoholic fuchsin method clearly shows. This interprismatic substance is very visible in the tooth of the kangaroo.
I certainly cannot reconcile the appearances in my preparations with Professor Walkhoff's view that the whole calcification of the enamcl takes place centrifugally from the prisms. When human teeth are decalcified by acids, either artificially or by caries, we know that the prisms become separated from one another, apparently from the decalcifying acid first acting upon the interprismatic substance; this would not indicate that it was more fully impregnated with the lime salts, but that they are held together between the prisms in a less compact condition and sooner yield to decalcification.
The enamel of the rat, in which the fibrillar structure is also very marked, gives strong evidence of a very considerable amount of cement substance between the prisms. It would appear that in less perfectly formed enamels a cement substance is very evident, and that the denser and more completely formed the enamel the less is this substance in evidence, its existence being veiled by calcification, so tbat'in the enamel of the primates the evidence of its presence in the perfectly formed portions of the tissue is very slight or altogether absent.
Professor Walkhoff finds in the erupted teeth of the anthropoid apes areas of imperfect calcification similar to those found in human enamel, and apparently considers that as no after-changes take place in these areas the enamel is a dead tissue. I do not think it necessarily follows, as when these defects occur from some passing arrest of calcification during the development of the teeth they are closed round with perfectly formed tissue, and would remain as imperfections, exactly as do the interglobular areas in dentine, in which no further changes take place. This, however, would be no argument against the last-formed normal layers of enamel being still when erupted not fully calcified, and a dialysis of lime salts from the saliva may take place as suggested by Pickerill, through the covering membrane of Nasmyth, which is all that remains of the enamel organ, so that while quite agreeing with Professor
Walkhoff that no change takes place in these areas of incomplete calcification, I think there is strong evidence that a further consolidation of the enamel does take place after the eruption of the tooth.
While agreeing with Leon Williams that fully calcified enamel is a dense inorganic substance, I may state there are also in most teeth areas of incomplete consolidation, and there is a frequent penetration of the enamel from the dentine surface by fine prolongations of the dentinal tubules. The evidence is, however, very strong that fully formed enamel is a dense inorganic substance, and that the penetration of the enamel by organic matter is more an accident of imperfect calcification than a characteristic of the well-developed tissue; while, therefore, the fully completed, perfectly formed enamel is virtually inorganic, being fully impregnated with the lime salts, it shows, by the longitudinal lines still visible in some cases in the columns of the prisms, that it was built up on an organic foundation., the protoplasmic strings of the Tomes's processes which have become involved in the calcification. These were first discovered,in enamel by Dr. Andrews, of Boston. In most examples of human enamel, however, this process is not complete in every part, but, especially at the dentine junction, shows defects of structure, and often penetration by fine dentinal tubes. This enamel margin having been the first part of the tissue to be laid down might be expected to be the most perfectly calcified, but the fact that it is not is capable of explanation. I have shown that in marsupial enamel a very wide area of organic matrix is laid down while the process of calcification is not at all far advanced. Although the 27 at SAGE Publications on June 21, 2016 jrs.sagepub.com Downloaded from Mlummery: Compar-ative Studies in Calcification dentine is, as in all mamlmalia, the first dental tissue to calcify, by the time that a narrow zone of dentine is formed, a very much wider area of enamel is laid down. This disproportion is not visible in the tooth-germs of any of the higher mammalia I have examined where the area of formed dentine remains wider than the enamel, during the development of the tooth. This part of the enamel matrix, then, is left behind, as it were, by the receding ameloblast cells, and calcification proceeds slowly within it, the interprismatic spaces remaining wide open and enclosing large calcospherites, which can often be seen arranged in a regular row at this part of the enamel. Although the calcification in human teeth is much more complete, in this region it still shows signs of the marsupial condition and imperfect completion of the calcifying process, so that in the spindles, which I look upon as due to enamel defects, and in the penetration in places by dentinal tubes, it shows a tendency to reversal to the marsupial condition. It is also possible that in the early stages of deposit of the enamel the cells have not attained their full secreting function. I think also the evidence is very strong that on eruption the enamel is not fully impregnated with linme salts at its periphery. I have a specinmen cut by the Weil process (which I am showing under the microscope) stained with aniline blueblack, in which the enamel, which is of good quality, is stained from the surface some little way into its substance-it is noticeable that the stain is in the substance of the prisms, indicating that not only the interprismatic substance but the prisms themselves are not fully consolidated.
In conclusion, there are two points in the structure of the enamel, as shown in that of the elephant and the wart-hog, to which I should like to draw attention.
I have been unable to find any photograph or drawing of the minute structure of the enamel of the elephant. There is no such drawing or description in Owen's " Odontography" or in any text-book I have examined, but I am sure it must have been recorded somewhere, as the structure is very remarkable and beautiful. The enamel in oblique or nearly transverse section appears to be made up of segments, which overlap one another like the scales of a fish. In longitudinal section the transverse markings which one would expect to be caused by these imbrications are very faintly visible, the prisms appearing to have a wavy or crenate margin. One very peculiar appearance in these sections is a fringing or fimbriation of the margins of these scale-like portions. Many of these show radiating lines, and the radii in some places break up at the margins into feathery processes. The body of the prisms shows a fine granularity. The appearance is so totally unlike that of other mammalian animals that one wonders it has not figured in the text-books. By comparison with the other slides of enamel I am showing, taken under the same magnification, the enamel prisms in the elephant are seen to be much larger. The photograph is from a very beautiful large section given me by the late Professor W: D.
Miller, one of the series of large sections which he ground on his electrically driven stones. These preparations are so thin that they can be easily examined with the 1 immersion lens with which these photographs were taken. The section which I will presently exhibit in the epidiascope also shows a very interesting point of structure, attention to which was first drawn in a short paper published in Berlin by Dr. Miller and Professor Dieck. The enamel is held together by long projecting thorns from the cementum on one side and the dentine on the other, forming a stronger union to resist strain than is seen in any other enamel. The other enamel to which I wish to draw attention, the minute structure of which I do not think has hitherto been described, is that of the wart-hog, also from a preparation by Professor Miller. To this creature, which, justifiably, has the credit of being the ugliest aniinal in creation, I feel we owe a debt of gratitude, for he appears to have cleared up a problem in the histology of enamel. The compound molar of the wart-hog is built up of denticles which are ovoid, so that there is a much larger area of enamel at the circuimference than at the dentine margin, an exaggeration of the condition in human enamel but affording the same problem-the wider area at the circumference-where the enamel prisms appear to be in as close apposition as at the dentine. In this enamel the prisms are seen to branch and supplemental prisms are introduced. Dr. Pickerill endeavoured to account for the fact that human enamel was wider at the circumference than at the dentine margin by a measurement of the diameter of the prisms, and in several examinations found them to be wider at the circumference than at the dentine. He concluded that the individual prisms are conical, with the apex of the cone towards the dentine. Pickerill says he has never seen a prism branching, and there certainly is no record of such an observation in human enamel, although supplemental prisms are said to exist; owing to the complicated twisting and spiral course of the prisms in human teeth it would be very difficult to detect. In the wart-hog the course of the prisms is very direct and simple, and the branchings are distinctly brought into view. Whatever the bearing of this observation may be on human enamel, it shows that such a method of meeting the difficulty does occur among the mammalia.
DISCUSSION.
The PRESIDENT: Mr. Mummery's researches into the histology and development of the hard and soft tissues of the teeth have for many years, given him an international reputation. His great scientific ability and perseverance have placed him in a position in this field which is second to nonein the whole world. He is not only a past master in all the technical processes of research work, but is a brilliant interpreter of the appearances brought out under the microscope; and very careful and cautious in arriving at conclusions, especially when his results are at variance with existing views. His investigations give us a much more intelligible and logical idea of calcification of dentine and enamel than we had before, and go far to prove that it. is largely a physical process and is similar in some essential principles to thecalcification of lower structures such as the lobster-shell. The calcific material is passed from the blood indirectly to the colloid matrix substance by dialysis. through a membrane. The calcospherites first formed contain chiefly carbonate of lime and are evidently of no great density or strength, and they break down and disappear on receiving large additions of phosphate of lime, which converts them into the very hard and dense tissues of dentine and enamel as we know them.
Mr. F. J. BENNETT: I have some hesitation in criticizing because I am not a believer in the influence of colloids on crystal formation, and though I fully agree as to the value of Mr. Mummery's recent discoveries in the formation of enamel, I think that the explanation of these appearances is apt to be influenced by preconceptions.
Mr. MUMMERY briefly replied.
